Introduction. An estimated 2.6 million stillbirths occur worldwide each year. A standardized classification system setting out possible cause of death and contributing factors is useful to help obtain comparative data across different settings. We undertook a systematic review of stillbirth classification systems to highlight their strengths and weaknesses for practitioners and policymakers. Material and methods. We conducted a systematic search and review of the literature to identify the classification systems used to aggregate information for stillbirth and perinatal deaths. Narrative synthesis was used to compare the range and depth of information required to apply the systems, and the different categories provided for cause of and factors contributing to stillbirth. Results. A total of 118 documents were screened; 31 classification systems were included, of which six were designed specifically for stillbirth, 14 for perinatal death, three systems included neonatal deaths and two included infant deaths. Most (27/31) were developed in and first tested using data obtained from high-income settings. All systems required information from clinical records. One-third of the classification systems (11/31) included information obtained from histology or autopsy. The percentage where cause of death remained unknown ranged from 0.39% using the Nordic-Baltic classification to 46.4% using the Keeling system. Conclusion. Over time, classification systems have become more complex. The success of application is dependent on the availability of detailed clinical information and laboratory investigations. Systems that adopt a layered approach allow for classification of cause of death to a broad as well as to a more detailed level.
Introduction
For international comparison, the World Health Organization defines stillbirth as a baby born dead at 28 weeks of gestation or more, or with a birthweight of ≥1000 g, or a body length of ≥35 cm (1,2). Annually, an estimated 2.6 million stillbirths occur worldwide, most of which are thought to result from preventable causes (3) . About 98% of all stillbirths occur in low-and middle-income countries. Apart from the immediate distress of losing a baby, stillbirth has been reported to have severe psychosocial consequences for parents, including anxiety, long-term depression, post-traumatic stress disorder and stigmatization (2, 4) . Sadly, the risk of stillbirth is higher for women with a previous history of stillbirth compared with women who have not had a stillbirth (5) (6) (7) (8) (9) (10) .
Reduction in the global burden of stillbirths is dependent on strategic interventions that, to be effective, require a clear understanding of the cause of and factors associated with stillbirth. Perinatal audit (or review) is the recommended practice for establishing cause of and factors contributing to death. It is also used to identify what went well, and what could have been done better, with regard to care provided (11) .
In order to systematically and comprehensively extract relevant information from clinical records and/or verbal autopsy data to assign cause of death and contributing factors for each case of stillbirth reviewed, the use of standardized classification systems is very helpful. The use of agreed and comprehensive systems should also allow for uniform use of terminology and comparison within and between settings. It would be helpful to have an agreed classification system that can be applied across multiple settings to allow for comparability of findings.
Presently, there are a variety of classification systems that are used to assign cause of perinatal death. Most of these classification systems show poor comparability (12) and consistently report about two-thirds of stillbirths as "unexplained" or "cause unknown" (13) . Some of the systems cannot be recommended for classification of cause of death in case of stillbirth because they were not designed for this purpose, and others are considered difficult to apply and have been reported to have high inter-observer variability (14) .
In some countries with a high stillbirth rate, perinatal death audit has been introduced, but classification systems are rarely used during this process (7) . This is, in part at least, because it is difficult to know which of the classification systems is best suited to the local or national setting or healthcare level and partly because of lack of knowledge and understanding of often complex classification systems. Given that diagnostic and management pathways in most low-resource settings are different to those in high-income countries, it is also important to understand the minimum information required to be able to apply any of the systems.
We undertook a systematic review to identify and describe existing classification systems used to identify cause of and/or conditions associated with stillbirth. We evaluated the advantages and limitations of each classification system to provide healthcare providers and policy makers with information to be able to choose which classification system would be most appropriate in their setting, maternity unit, region or country.
Material and methods

Search strategy
We developed a review protocol to guide our search and defined our inclusion and exclusion criteria.
Electronic databases (MEDLINE, CINAHL Plus, Global Health, Science Direct and Scopus) were searched for existing stillbirth or perinatal death classification systems published in English between 1950 (the period just before the first recorded classification system) and 2015 (inclusive).
The following search terms were used: (stillbirth OR "perinatal mortality") AND classification AND (system OR framework) to identify publications on classification systems and/or publications on cause of stillbirth and perinatal death that documented the use of a classification system. We hand-searched the references of all identified relevant publications to find additional papers or documents.
Inclusion and exclusion criteria
We defined a classification system as any method of categorizing cause of stillbirth. All published classification systems for stillbirth or perinatal death were included. We excluded systems that were designed exclusively for neonatal, infant or general mortality. Inclusion or exclusion of papers was determined after review by all authors. Disagreements were settled through consensus.
Data extraction and analysis
All identified classification systems that met the inclusion criteria were obtained in their full electronic or print versions and reviewed. One author (MA) extracted relevant information using a predesigned summary table, which was cross-checked by the other reviewers (SBZ and NvdB). Information captured included: where and how the classification systems were first developed and used, the major categories used in the classification system, type and range of information required for application and proportion of deaths reported as unknown. Where known, the number and distribution of identified cause of stillbirths documented with the first application of the system were noted (see Table S1 ).
We assessed the applicability and ease of use of each system based on information requirements, proportion of unknown cause of stillbirth and overall complexity determined by exploring the structure of and terminology used in the systems.
Three criteria were used for the assessment of classification systems: (i) information requirements -Depth of clinical information required to apply the system, including any special tests required for certain diagnoses; (ii) proportion of stillbirths reported as unknown (or unclassified) by the authors of the system and (iii) complexity -number of categories and subcategories and their hierarchical relationships within each system, use of terminology in the categories and subcategories. We categorized studies by year of publication, their scope (stillbirths only and perinatal mortality) and level of complexity (as defined above). We used narrative synthesis to report our findings.
Results
A total of 118 documents were identified and screened, out of which 31 unique classification systems were included (Figure 1 ).
Development of classification systems for stillbirth
The included classification systems were published between 1954 and 2016. Only six of these were designed specifically for stillbirth (13, (15) (16) (17) (18) (19) . Fourteen of the classification systems were designed to include perinatal mortality, three included neonatal death, two included infant mortality and one included "late abortions" (20) .
The systems were developed and first applied using data on stillbirth in a variety of settings: Europe [16] , Australasia [3] , Scandinavia [3] (31) (32) (33) .
The number of deaths included in the studies describing development of the system and/or first application varied and ranged from 239 (21) to 15 251 (34). Generally, the sample size of the studies was much higher in earlier studies than more recent studies.
Information required for application of classification systems Table 1 summarizes the type of information required to be able to apply each of the classification systems. In general, the vast majority of systems require information that would need to be obtained from fairly comprehensive clinical records in order to assign the cause of death and identify factors associated with death or contributing conditions (but which are not the underlying cause of death). A number of systems reviewed, including ReCoDe, INCODE and TULIP (13, 17, 35) , have categories that may require histological evidence to support certain diagnoses. INCODE has subcategories for congenital abnormalities for various body systems -diagnosis of which may require a post mortem. In addition, some systems may require chromosomal assays to enable a final diagnosis to be made (30, 35) . In two of the systems, a specific, computerized system and program for recording patient information was used in the development of the system and such a system may also be required for the application of the system (36, 37) . The new ICD-PM (25) (30, 35, 38) . Table 2 summarizes the proportion of deaths reported as unknown and/or unclassified for each classification system at the time of the development and first application of the system. Only classification systems that reported the proportion of unknown and/or unclassified causes of death were summarized (16 of 31). The lowest reported percentage of unknown cause of death was reported by Langhoff-Roos et al. (1996) (38) . Using the Nordic-Baltic classification, they reported 0.39% of deaths as cause unknown. The highest reported proportion of unknown cause of death was noted with application of the system by Keeling et al. (1989) , which reported 46.4% of stillbirths analyzed as cause of death unknown (30) .
Proportion of deaths that remain unclassified
Structural and terminological complexity
The more recently developed classification systems, such as the Stockholm classification (Varli et al. 2008 ), PSANZ-PDC (2009) and NICHHD (Reddy et al. 2009 ) have a comprehensive provision for a wide range of categories, covering most of the possible causes of death (18, 19, 23) (Table 1 ). There were a few earlier systems, such as Chang et al. (1979) , with a wide range of categories (39) .
The category for unexplained deaths was absent in some of the systems, such as in Low et al. (1970) (40) , whereas some have too many sublevels for each category (Chang et al., 1979) .
Other key points
Many classification systems were developed using data from a large number, and proportion, of all recorded stillbirths in the populations studied, so ensuring that the results are representative of the population and are, therefore, likely to be more generalizable in the settings for which these systems were developed (13, 17, 20, 24, 31, 36, 39, 41, 42) .
One system (Whitfield et al., 1986 ) was developed to be used for all "perinatally-related wastages", including late abortions (20) . This has the advantage of presenting an opportunity to use a single system across many stages of pregnancy, although it is also complex to use and the terminology is no longer correct.
The use of highly inclusive definitions of stillbirth, such as "fetal losses from 16 completed weeks of gestation" (Tulip) (35) , or inclusion of "late abortions" in the case definition (20) , may make application of systems more difficult where there is a lack of information about gestational age at time of death and/or birth.
Discussion
We conducted a review of existing classification systems used to assign cause of, and factors contributing to, stillbirth. Our focus on papers published in the English language may have limited the number of papers included in this review. However, we may have been able to partly compensate for this by specifically searching for papers found in references in other papers that may otherwise have been missed through keyword searches.
Recently, some publications exploring classification of stillbirth have been published, but none focused on reviewing previous classification systems with a view to understanding how the systems have changed over the years, which could guide discussions on how best to approach classification of stillbirth. However, a recent systematic review was conducted to summarize key features of classification systems for both stillbirths and neonatal deaths, but it was limited to the 5-year period of 2009 to 2014 (43) . Even though they reported an overall higher number of classification systems, only 55 classification systems included stillbirth (43) , which is less than the 118 we found in our review. Another study used the Delphi method to establish a consensus on the important characteristics of ICD-PM (44) . Although our study focused on classification systems for stillbirth only, it offers a comprehensive summary of classification systems and their characteristics. We hope the study will help to inform discussion on how best to approach the often difficult task of assigning cause of, and factors contributing to, stillbirth during perinatal death reviews. In addition, we sought to provide clarity on which classification systems could be used in a standardized manner to provide comparable data across a variety of settings. Our findings highlight that the type and range of information required to apply any of the existing systems may not be available in low-and middleincome countries where the majority of stillbirths occur. This will require increased efforts to improve data collection and use as well as the strengthening of perinatal death audit processes in these settings.
"Cause of death" and "contributing factors" are different. While "cause" refers to conditions that have a clear causal relation to death, contributing factors refer to factors that are unlikely to have caused death directly but may have contributed to death (45) . The new application of the International Classification of Death to deaths during pregnancy, childbirth and the puerperium (ICD-MM) was used to clarify this relationship for maternal death and a similar approach was taken in cases of perinatal deaths (45, 46) . In this review, we found that both terminologies were still used erroneously and interchangeably by many authors.
Traditionally, classification systems were developed to address the specific disease pattern and practice in a particular population. However, only Knutzen et al. (1975) was developed using data from a middle-income country (South Africa) (34) . Cause of death and associated conditions (CODAC) was developed with data from two middle-income countries (Malaysia and South Africa) out of the seven countries included in the study (24). ICD-PM was developed with data from a middle-income country (South Africa) representing less than 10% of the overall data, whereas a high-income country (UK) represented >90% of the data used to develop this system (25) . All other classification systems were developed using information pertaining to stillbirth data from highincome settings. There is likely to be a difference in distribution and range of causes of and factors contributing to stillbirth in low-income countries compared with high-income countries. Although a large proportion of stillbirths in low-resource settings is associated with challenges in providing care for obstetric emergencies, maternal infections and fetal growth restriction (7, 12) , stillbirths in high-income countries are more often related to congenital abnormalities and factors such as obesity, smoking and advanced maternal age (47) .
Earlier systems usually included a category for stillbirth due to isoimmunization. The absence of this category in more recent systems may be due to improvements in antenatal care, particularly in high-income countries, where such cases are detected early and preventive measures are taken to avoid adverse outcomes.
The proportion of deaths for which a clear cause of death cannot be determined is important in any classification system. Generally, the proportion of stillbirths that remain unexplained or unknown has decreased as new classification systems were developed over time. This has been attributed mainly to improvement in the availability, range and use of diagnostic tests in countries where these classification systems were developed and used, as well as improvements in record keeping and in the amount and detail of clinical information available in cases of stillbirths. Furthermore, the change in the structure of classification systems, particularly the provision of more categories to accommodate more diagnoses, may have contributed to the reduction in the proportion of stillbirths categorized as unknown cause of death in more recent classification systems. The proportion of unexplained stillbirths also depends on the population to which a classification system is applied, as cause of death is more likely to be found in populations with generally high disease burden.
The structure and level of complexity of classification systems is potentially a limiting factor with regard to feasibility of application of the systems. In many lowresource settings, mortality reviews are conducted by healthcare providers and managers with basic midwifery knowledge and skills (48) . The success of a system in such settings will, therefore, be dependent on how easy it is to understand and apply.
The simplicity of earlier systems, such as the Aberdeen classification, made these easy to use (26) , but this is often at the expense of accurate assignment of a cause of death or may provide limited or no information on contributing factors. This would not support in-depth review and may not optimally allow healthcare providers to identify preventable factors or cause of death. Systems with less technical, simpler terminology, such as the Nordic-Baltic (38) and ReCoDe (13) classifications, are easier to apply and more likely to be used consistently across settings, resulting in lower inter-observer variability.
Systems requiring a lot of detail (30, 35, 38) may in theory have the advantage of being more accurate, but the feasibility of applying them in low-resource settings, where the required level of detail is rarely available, may be a major limitation with regard to recommendation for more global use.
The range of causes of stillbirth that are recognized and can be assigned has expanded over the years. More recently proposed systems tend to be more specific, with many more potential causes of stillbirth included. However, this has also led to the introduction of more subcategories, making classification systems more complex, potentially increasing inter-observer variability. The application of such systems may be particularly difficult in low-and middle-income countries where non-specialist healthcare providers provide the majority of maternal and newborn health care (48, 49) . If these more complex systems are to be applied this will require healthcare providers to be trained to understand how to apply such systems. In addition, patient records will need to be improved to ensure information required to apply classification systems is documented and available at time of review.
Classification systems without a category for unexplained stillbirth present a challenge as it must be assumed that there will always be a proportion of deaths where cause of death cannot be ascertained and it is not clear how such cases could be included in aggregated information on stillbirths (i.e. those cases would presumably be unaccounted for or treated as "missing data") (40) . Having too many subcategories as in Chang et al. (1979) makes a system cumbersome to use and subject to higher inter-observer variability (39) .
Different terms have been used to describe the group of stillbirths whose cause could not be determined, including "unknown", "unclassified" and "unexplained". Most classification systems have not defined these terms. For the few that have, there may be slight differences in meaning. However, generally, the terms are used to represent categories in which cause of death could not be determined either due to lack of sufficient information or simply because the cause cannot be determined at the current level of diagnostic ability. Sometimes the term "unclassified" is used to describe a group of stillbirths with a known cause that does not belong to any category in the classification used.
Although a broader, comprehensive system including all or most of the possible causes of death may be expected to result in a smaller proportion of deaths that are classified as unexplained or unknown, in practice, this is not always so. For example, despite the many categories and subcategories of the system by Chang et al. (39) , 26 .3% of stillbirths remained as unexplained. Similarly, the NICE classification has detailed provisions for almost all possible causes of perinatal death imaginable, but has reported up to 43.6% of perinatal deaths as unexplained (37) . We suggest that the availability of detailed clinical information and records is most likely the most important factor determining ability to assign a clear cause of death and apply any classification system, and that a broad and complex system in itself is insufficient.
About a third (11/31) of classification systems include information that can only be obtained through histological examination of tissue and/or autopsy. Although such information is not a requirement per se, the availability of this information provides more clarity on cause of death and contributing factors. This is more often included in more recent systems that tend to move towards more accurate diagnoses involving histological and chromosomal examinations. However, autopsies are rarely conducted in low-and middle-income countries and pathology services are not usually available. For these settings, there should be a strong focus on obtaining as much clinical information as possible to help identify cause of death related to obstetric and maternal complications. Since perinatal (including stillbirth) audits are conducted to identify potentially avoidable priority areas for intervention and improvement in quality of care (20) , it should be possible to at least identify factors contributing to, or associated with, stillbirth, even if a clear underlying cause of death cannot be assigned with certainty.
Recently developed systems rely on very specific patient details and laboratory investigations to enable increasingly accurate diagnoses to be made. This means that, in addition to ensuring that detailed case notes are kept and are available and used for review, there is a need to improve healthcare providers' knowledge and understanding regarding causal pathways and aetiology of stillbirth. Information obtained via perinatal death or stillbirth review should also inform the care pathway for women and their partners who have had a stillbirth. This should include debriefing, support services (where available) and counseling for future pregnancies. Such support is still not available to most women who have had a stillbirth.
Conclusion
The current stillbirth classification systems were designed to suit specific populations, disease patterns and needs, and this, at least in part, explains the variation in approach. There is currently no single agreed system that will suit every purpose and setting. If a classification system is to be applied successfully in low-resource settings during stillbirth or perinatal death audit or review, it should strike a balance between the level of detail required, proportion of deaths for which a cause of death can be assigned and ease of use. A layered classification system that allows classification to a broad as well as more detailed level in a systematic manner is probably the most useful as it will allow for comparison within and between settings at least with regard to the main types and causes of stillbirth.
